Entomophthoralean and ascomycetous fungi are the two major groups known to parasitize arthropods in almost every terrestrial habitat of the earth. Within Ascomycota, Cordyceps sensu lato is a large genus with more than 400 spp. described on numerous orders of Arthropoda. Among the hosts of Cordyceps, Coleoptera and Lepidoptera are the two major orders. Out of the estimated 200 Cordyceps spp. recorded on coleopteran and lepidopteran hosts, we have documented 92 spp. based on the available information of their host species. Among coleopteran hosts, Scarabaeidae and Elateridae are the two major families. Similarly, among lepidopterans, Hepialidae is the largest host family. Cordyceps militaris shows the widest host range, extending to 2 orders, 13 families, and 32 spp. We hope such accumulative work will be useful as a quick reference for interested biologists, forest ecologists, biocontrol researchers, and fungal and insect taxonomists to apprehend host range and host specificities of Cordyceps fungi.
Introduction
Fungi play vital roles in the recycling of organic matter in the terrestrial habitat of the earth. Besides that, they also parasitize living organisms and cause various diseases on plants, animals, and insects. Estimates show 750-1000 fungal spp. parasitizing insects naturally [1, 2] , although the extent of the diversity of the entomopathogenic fungi is not completely known [3, 4] . The entomopathogenic fungi mainly belong to two diverse groups within kingdom Fungi, Entomophthorales (Phylum Entomophthoromyota, formerly Zygomycota) and Hypocreales (Phylum Ascomycota). These fungi are distributed in wide terrestrial ecosystems of the world including Arctic Circle and Antarctica [5] . Entomophthoralean pathogens generally show narrow host range and are distributed in temperate forests [6] with rare reports from tropical regions [7] . Hypocrealean pathogens, on the other hand, have narrow to very broad host range [4] and are dominantly distributed in humid tropical forests [7] .
Cordyceps Fr. is one of the hypocrealean genera, comprising more than 400 spp. that parasitize a wide range of insects and few fungal genera. Externally, they produce clavate, cylindrical or thin filamentous, filiform stroma on the hosts. The history of exploring and identifying Cordyceps fungi is long and stretches back to the 17th century [8] . One of the most popular fungi is Ophiocordyceps sinensis (syn. Cordyceps sinensis) that grows on hepialid larvae in the alpine grasslands of the Himalayas and the Tibetan Plateau [9] . This host-fungus complex is traditionally highly revered for enhancing immunity, protecting lungs, enriching kidneys, restorative and tonic effects, treating impotence, and so forth [10] [11] [12] [13] .
Host-Pathogen Interaction
Cordyceps fungi range in habitat from aerial to epigeal to subterranean ones [74] , based on their respective host species. When the host stage is adult, they grow on exposed environments such as leaf litter or are attached to some plant parts such as leaf and branch and in contrast to the larval or pupal stages that are buried in soil (hypogeal) or on wood up to nearly 50 cm, for example, O. longissima [75] and O. xuefengensis [76] . Ophiocordyceps caloceroides that is buried in the soil more than 50 cm is exceptional which grows on adult spiders [77] .
The pathogenic fungi sometimes produce parasite manipulated behaviors on hosts, such as death grip or biting behavior [78] [79] [80] . Some of the parasitized ants always bite lower side veins but never the laminar blade or the upper surface [79, 80] . Similarly, some species of ants are attached to lower side of twigs whereas others are found attached to leaves [81] . In other cases, aphids, ants, grasshoppers, planthoppers, flies, and so forth shift to elevated position at the time of dying, known as summit disease [82, 83] .
In this review, we present brief introductions of Coleoptera and Lepidoptera and their major subgroups parasitized by Cordyceps fungi. We hope the present review will serve as a reference for researchers and scholars to get a quick look at coleopteran and lepidopteran hosts of Cordyceps spp.
Materials and Methods
We accumulated host information from published literature and analysed the hosts that belonged to Coleoptera and Lepidoptera. We found that hosts of only 60% of Cordyceps fungi are known at family or genus/species ranks; the rest are known only at the order rank and hence no further discussions of the hosts could be done for them. Hence, in this review, we dealt with only those hosts that are known at family or infrafamily ranks within Coleoptera and Lepidoptera and tried to analyse the major taxonomic subgroups that are associated with Cordyceps fungi. We also analysed the host stage among coleopteran and lepidopteran hosts based on published literature.
Coleopteran Hosts
Coleoptera is currently the most species-rich group on this planet [84] . The order is classified into four suborders (Polyphaga, Adephaga, Myxophaga, and Archostemata) [85] . Polyphaga is the largest suborder covering 90% of total beetle species and is classified into more than 170 families. Adephaga is the second largest suborder, followed by Myxophaga and Archostemata. All the known coleopteran hosts belong to suborders Polyphaga and Adephaga under 8 superfamilies and 11 families. Short descriptions of host families are given below, followed by Cordyceps spp. recorded on them. Journal of Mycology 
Superfamily Scarabaeoidea

Lepidopteran Hosts
Lepidoptera is among the large orders of insects [121] . It has around 160,000 spp. that are classified into 4 suborders, 45 superfamilies, and 139 families [122] . Out of four suborders (Aglossata, Glossata, Heterobathmiina, and Zeugloptera), Cordyceps and allied genera are known only from Glossata. It is the largest suborder consisting of almost 99.9% of all described lepidopterans [122, 123] . It is further classified into six infraorders (Dacnonypha, Acanthoctesia, Lophocoronina, Neopseustina, Exoporia, and Heteroneura) [122] . Among them, Cordyceps hosts are known from two infraorders Exoporia and Heteroneura.
Lepidopterans have from three to more than a dozen larval instars (caterpillars), often five [123, 124] , inhabiting as root-or stem-borers or foliage eaters and leaf-miners of angiosperms, usually within narrow range of host plants. Lepidopterans have distinct feeding habits, basically plantfeeding during larval stage and nectar-feeding during adult stage. Exoporia and Heteroneura are discussed below in short, followed by Cordyceps pathogens parasitizing them. 
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Infraorder Exoporia.
It is a small infraorder consisting of 636 spp. that are classified into 2 superfamilies [122] . Cordyceps and allied genera are recorded only from the superfamily Hepialoidea. The superfamily comprises five families that are distributed in diverse vegetation such as forest, shrubland, grassland, tundra, swamp, and bog with the most varied diet habit among moth families [123, 125] . Among the families, Cordyceps spp. are recorded from family Hepialidae alone (Table 2) . Ophiocordyceps sinensis has the widest host range recorded on Hepialidae, covering 55 spp. [95, 96] . Among them, Thitarodes and Ahamus are the two major genera (Table 2) . Thirty-two spp. of Thitarodes (T. albipictus, T. (Table 2) . Another Cordyceps sp. rarely described on Hepialus is C. militaris ( Table 2 ). Besides that, Cordyceps cuncunae and O. emeiensis are also recorded on hepialid hosts (Table 2) .
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Heteroneura. This infraorder consists of more than 98% of lepidopteran species [122] . Nine superfamilies among more than 30 in the infraorder are recorded as hosts of Cordyceps spp. Among the host families, Tineidae is the only microlepidopteran family; the rest are macrolepidopterans. Papilionidae and Pieridae are the two butterfly families, the rest being moths. The host families are briefly described below followed by Cordyceps spp. recorded on them.
Superfamily Noctuoidea
(1) Erebidae. It is the largest family in Lepidoptera with 24,569 described spp. [122] . Despite the high species richness, only two Cordyceps spp. are recorded on this family. Of them, C. militaris is recorded on Calliteara pudibunda and Leucoma salicis whereas C. nikkoensis is reported on a larva of the family (Table 3) . (Table 3) . Ophiocordyceps elongata is recorded on Acronicta americana. Other species recorded in this family are Cordyceps alpicola, C. bifusispora, C. bulolensis, C. cristata, and C. tuberculata (Table 3) . (Table 3) .
Superfamily Zygaenoidea
(1) Limacodidae (Cochlididae). The members of this family are known as slug moths and are mostly tropical. Ophiocordyceps cochlidiicola is recorded on larva and pupa of this family (Table 3) .
Superfamily Cossoidea
(1) Cossidae. The members are known as carpenter millers and are found worldwide. Four spp. are recorded in this family. Of them, Metarhizium indigoticum is recorded on Yakudza vicarius. Two recently described spp., Ophiocordyceps arborescens and O. macroacicularis, are recorded on Cossus sp. (Table 3 ). The other species recorded on this family is Cordyceps bassiana.
Superfamily Drepanoidea
(1) Drepanidae. The members of this family have worldwide distribution. Cordyceps militaris is recorded on 4 spp. of this family: Achlya flavicornis, Ochropacha duplaris, Tethea ocularis, and Tetheella fluctuosa (Table 3) .
Superfamily Tineoidea
(1) Tineidae. The members are small to medium-sized moths. They are worldwide in distribution but are particularly common in the Palaeartic ecozone. Cordyceps cardinalis is recorded on larva of this family (Table 3) .
Superfamily Papilionoidea
(1) Papilionidae. It is a family of colorful swallowtail butterflies. Some of the members are the largest butterflies in the world. The majority are distributed in the tropical region. Cordyceps tuberculata is reported on adult of this family (Table 3) .
(2) Pieridae. It is a large family of butterfly, mostly distributed in the tropical parts of the world. Its members are mostly white, orange, or yellow in pigmentation. Metarhizium taii is reported on Pieris rapae in this family (Table 3) .
Superfamily Geometroidea
(1) Geometridae. It is the second largest family in Lepidoptera with 23,002 spp. [122] . It is commonly known as inch worms. Some of the members are notorious pests. Cordyceps militaris and C. riverae are recorded from this family parasitizing Biston panterinaria, Lycia hirtaria, and Triphosa sp. (Table 3 ).
Superfamily Bombycoidea
(1) Bombycidae. It is known as silkworm family. The most well-known member is Bombyx mori, native to northern China. Cordyceps militaris is recorded on B. mori and C. michaelisii on a species of Bombyx (Table 3) .
(2) Endromidae. This is a small family. Cordyceps militaris is recorded on Andraca bipunctata in this family (Table 3) . Larva [120] Journal of Mycology 9 but are particularly known from tropical and subtropical regions. Some of the members are the largest moth species. Cordyceps longdongensis parasitizes Actias artemis whereas C. militaris parasitizes Anisota senatoria (Table 3) .
(4) Sphingidae. Table 3) . Out of 22 spp. recorded on heteroneuran hosts (Table 3) , C. militaris has the widest host range, extending to 2 infraorders, 6 superfamilies, 10 families, and 29 spp. (Table 3) . It is a cosmopolitan species, distributed from sea level to more than 2000 m above sea level [126] . Probably due to its wide host range and adaptability to wider habitats, this species demonstrates rapid in vitro growth and fructifications [127] . Cordyceps tuberculata is another species recorded on multiple families. Larva is the most suitable host for Cordyceps spp. compared to pupa and adult (Table 3) .
In total, 16 families in Lepidoptera (1 exoporian and 15 heteroneuran) are identified as host families of Cordyceps and allied genera. Hepialidae, though a small family, hosts 6 Cordyceps spp., 1 Drechmeria sp., and 10 Ophiocordyceps spp. (Table 2 ). They are mostly distributed in either Asia or Australia/New Zealand. After Hepialidae, Noctuidae and Sphingidae are the families mostly infected by Cordyceps spp. (Table 3) . Among heteroneuran families, Notodontidae, Drepanidae, and Lasiocampidae are known as hosts of C. militaris only (Table 3) . Similarly, there are families identified as hosts for single Cordyceps/Ophiocordyceps spp., for example, Limacodidae (Cochlididae) for O. cochlidiicola, Tineidae for C. cardinalis, Papilionidae for C. tuberculata, and Pieridae for C. taii. In general, 11 families are known for just one or two Cordyceps spp. (Table 3 [122] . However, they are reported with fewer Cordyceps pathogens. For instance, only two Cordyceps spp. are recorded on each Erebidae and Geometridae, proportionately more on Noctuidae (7 spp.) (Table 3 ). In addition to Coleoptera and Lepidoptera, C. militaris is recorded on two more orders Diptera and Hymenoptera [126] . Similarly, the only other species growing on two orders Lepidoptera and Coleoptera is C. nikkoensis.
The analysis in the present review is based on the coleopteran and lepidopteran hosts that are identified at family or infrafamily ranks in the literature. Out of estimated 200 spp. reported on coleopteran and lepidopteran hosts, we have enlisted 92 spp. based on their host records in the literature. We could not include the remaining species because of lack of information on infraorder ranks of their hosts. Though the list is not complete for all Coleoptera and lepidopteran hosts, the overall scenario of the taxonomic distributions of the hosts within Coleoptera and Lepidoptera can be viewed in the present review.
Further Studies on Hosts of Cordyceps Pathogens
Cordyceps fungi with attached hosts have long been studied as botanical or mycological specimens. Mycologists have studied and identified fungal pathogens of insects based on morphological, ecological, and phylogenetic studies [14, 50, 128] . For interested readers, several color books on entomopathogenic fungi are available [59, [129] [130] [131] [132] [133] [134] [135] [136] [137] [138] [139] [140] [141] [142] . However, identification of the host species is far from being complete. Some of the possible reasons for the less work on host identification are discussed here. First, the diseased/damaged/deformed insect specimens hinder the objectives of the insect biologists to study their diversity and life cycle and thus are disposed immediately after encountering them [77] . Second, insects are mostly attacked at larval stage, making the identification more difficult and time consuming. Larval stages are not yet described in most of insect species. However, molecular techniques have been recently developed to identify immature stages of insects [143] . Third, Cordyceps pathogens of insects rarely cause epizootic outbreaks on their hosts, hence causing no significant economic or ecological losses. Fourth, finding a Cordyceps pathogen requires much experience and patience and is out of sight for normal observers. Fifth, Cordyceps pathogens are specialists; that is, they are host specific; hence experts interested in one group of insects need not care about pathogens on insects of noninterest groups. Exploring the potential economic benefit from Cordyceps fungi is a continuous objective of mycologists in collaboration with biotechnologists, pharmacologists, analytical chemists, medical scientists, and so forth. The most common example is Ophiocordyceps sinensis. This is the fungal entomopathogen collected every year in large quantities [144] [145] [146] [147] [148] and sold worldwide as the most expensive biological resource almost twice the value of gold by weight and hence commonly known as Himalayan Gold [149] , Tibetan Gold (http://mushroaming.com/content/yartsa-gunbu-article-national-geographic-magazine), or Biological Gold [147] .
The other potential species is Cordyceps militaris that has been successfully grown on artificial media for commercial purpose [126] . Antitumour, antimetastatic, immunomodulatory, antioxidant, anti-inflammatory, insecticidal, antimicrobial, hypolipidaemic, hypoglycaemic, antiaging, neuroprotective, and renoprotective effects are some of the main effects shown by Cordyceps fungi [150] .
Insect specimens, decaying or mummified with natural enemies, such as virus, bacteria, and fungi, are the good sources of biological control agents of specific insect groups, especially in agriculture, forests, and other natural communities. For example, the susceptible stages of hosts in nature could be informative for the application of entomopathogenic fungi to control harmful insect and pests.
In conclusion, we believe such reviews will attract wider audience towards economic and ecological benefits of entomopathogenic fungi including Cordyceps, paving the way for interdisciplinary collaborations. Such reviews will also generate interest in a wider audience including field entomologists, ecologists, biocontrol researchers, and biotechnologists in utilization of entomopathogenic fungi. The accumulative work on host information of other orders parasitized by Cordyceps and its asexual genera is going on with the objective of expanding the insect-fungal pathogen index in future.
